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Abstract - This work is a study on the the critical
cancelling speed for the horizontal empennage control in
a canard configuration aircraft, in a hypothesis
unfavourable to normal flight. The cumulated effect four
fudelage elastic deformation (¢) is taken into account
and so is the elevator deflection effect (), the empennage
arrow angle effect (y) and the vertical ascending gusts
effect (m).
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1. INTRODUCTION

Unlike other specialty literature [1,2], the cumulated
effects of ascending vertical gusts and arrow angle are
taken into consideration.

Considering these effects leads to an ample view of
horizontal empennage control cancelling in a canard
configuration aircraft. The paper’s conclusions are
useful to both designers — by providing concrete data
for the aircraft dimensioning phase — and to pilots —
by indicating the manner of flying the aircraft so as to
avoid this extremely dangerous phenomenon.

2. DETERMINING CRITICAL DYNAMIC
PRESSURE FOR THE CANCELLING OF
HORIZONTAL EMPENNAGE CONTROL

Let’s consider a canard type aircraft like in fig. 1.

Fig.1

Using traditional notation, horizontal empennage lift
in a canard configuration [3] comes from the formula:

P, = qsao{%tqsm(mmma]w} 0
(04

where:
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Finally, horizontal empennage lift comes from the
formula:

an() dCZa() dCZa()
P, = + Ao+ B
|48 dC.yy  da ap
K, da
an() Cao dcao dcmao
+ B 2)
K, da dp

The pitching moment created around the airship’s
center of gravity is:

MCG :Mao+Pao .Luo (3)
where L, is the aerodynamic length.

Finally the moment acting on the airship’s center of
gravity is obtained:

dC L
M — S mao ao .
CcG q uo{cuo dﬁ ﬂ + L ano dczao
K, da
dCleO w dCZaO
[+ —+( +
da 7V, dp )
SdOCaO dcao dcmao
+4 )81}
K, do df

The cancelling of elevator control on its deflection by

the angle B in the presence of vertical gusts takes
place if:
(1 _ qCSd() dCzao )Cao deao ﬁ +La0 .
K, da dp
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We obtain the critical dynamic pressure for control
canclelling in the presence of horizontal empennage
deflection:

ac ac dc
Cao mao ﬁ +( zao ﬁ i zao 7)
. dap dﬂ da V, ®)
€ ac._,, dc,,,
Cao aoﬁ(f—f)ii

K, K, da dp

If the arrow effect is considered, then[3]:

dC
( zao ] — (dczaon j cos Z (9)
da ), da, ),

dcC
where ( Z‘"’J is the lift coefficient angle for the
x

o

horizontal empennage with the arrow angle y,

dc
uen is the lift coefficient angle for the
da, ),
horizontal empennage along the focus line
perpendicular.

By accounting for the empennage’s arrow angle we
find that the critical dynamic pressure for control
canclelling of the horizontal empennage is, in its final
form:

q. =
dcC dcC dcC
Cao mao ﬁ+[ zZao ﬂi zaon XCOS Z]Lao
dp dp da, ), Vo
- dc dc
aa aoﬁ(i uo [ zaon j mao COS %
K, K, '\ da, ), dp
(10)
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3. THE CRITICAL CANCELLING SPEED FOR
HORIZONTAL EMPENNAGE CONTROL IN
THE PRESENCE OF ASCENDING VERTICAL
GUSTS

In this case the upper sign is considered in (10) and
we obtain the critical pressure for deflection control
cancelling on the horizontal empennage:

9. =
dcC dcC dcC
Con mao ﬁ+[ zao ﬁ+ zaon KCOS Z]Lao
dp dp da, ), 7,
B L dczaon dcmao
Cao aoﬁ( )7 — . cosy
K, da, ), dp
(11)
or
q. = K2 X
dcC dcC dcC
Cﬂ mao ﬁ"‘ zao ﬁ"‘ zaon COS)(
L, dp dp do, 0 Vo
X
CaoSaoﬂ( _ 1)( dczaon j dcmao cos ¥
KlL a, ), dp
12)

Considering the dynamic pressure g, = %(Vazo +w? )

we obtain
y2 K 2 W2y

“ p ﬁ( _ 1) dcmao a0

2 dO dO K L dﬂ
dcC dcC
zao ﬁ + cao mao K2 (13)
- B Lo
dCZaOVl delZO
Cao aoﬂ( - ) Cos ¥
2 K 1L a, ), dp

Considering (13), the problem of the cummulated
effects of ascending gusts and elastic fuselage
deformation must be studied in the following disting
cases:

K, dc , dC

L. -1)0  and 240 B + Lmao 5 .
KlLao dﬁ Luo dﬁ
K dc dc
2. 2__10 and ﬂﬂJrcﬂ mao_ ()
KlLao dﬁ Lao dﬁ
K dc dc
3. 2 _1(0 and —2p Lao WCmao :
KlLao dﬁ Lao dﬁ
K dcC dc
4. 2 1(0 and ﬂﬂ + Cﬂ mao <0 (14
KlLao dﬁ Luo dﬁ
5. K2 o,
KlLuo
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dcmao a) - Wz +
K d
1. Lao <_2 and Lao > ﬂ Cuo s dczao ﬂ"' Cao dcmao K2
K, dC4 dp L, dp
ap " K dc dc /0
P 2 zaon mao
—c,,S -1 cos
deao o Cao aoﬂ(KlLao )[ dOln jo dp X
K d
21 (X2 ana 1 dcﬁ o (19)
K % The functions g(V,,) and A(V,) can be
fC represented as in fig. 2, fig. 3 and fig. 4.
mao ‘
K dp g(vo) th(vo)
3. L,)—* and L ; 15
ao> K1 an uo> dczao Cao ( )
dp N
M
dcma()
K dp
4. L Y—% and L m
w4 e, o
ap —u —
0
5.1, =22
K,
Case 1. This is incompatible with (14) because it
involves the ‘-’ sign in the left part of the equation and h(Voert)
the ‘+’ sign in the right part. Thus, the airship can fly Fie.2
at any speed and with any elevator deflection angle, 18-
with no consequence to horizontal empennage control. g(vo) ﬂ‘ h(vo)
From this situation’s conditions of existance we
obtain: g(vo)
dC,., M N
K d
)L L, (16)
K,  dC,, C m
ap .
This is the case for a compact structure aircraft, with a 0 ° ‘ >
small distance between horizontal emepennage’s Voc Vo
pressure center and the airship’s center of gravity. The
rigidity characteristics of fuselage structure are limited
by the horizontal empennage’s aerodynamic h(vo)
characteristics.
Case 2. In (14) the only positive term is the third. Let Fie 3
the left part of (14) be &
2
g(VOCrt ) = VOcrt . (17) g(VO) wkh(VO)
The right part of the same equality will be
| K, w 5 g(vo)
Voert) = —w?+
( ()LV[) p K2 dC’naU VO w M N
5 Cao Sao ﬂ( - 1) ot -
2 K lL ao dﬁ
dCzao Cuu dcma() m
T gy )
dﬂ Lao dﬂ O 'y !
+
1% K 2 dcza()n dcma() VO
7cauSaoﬁ( _1) Ccos y
2 KL, da, ), dp h
V. .
(18) (Vo) Fig.4
There are three possible subcases:
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In fig. 2 the situation where the two curves intersect is
represented. Two solutions result,

Vo, siV,p for whom horizontal empennage control

is cancelled.
Fig. 3. represents the situation where the curves are
tangent. From the condition that their angles in

tangent point Care equal, V. - the critical

horizontal empennage control cancelling speed is
determined:
b

K
Voc = : (20)
KZ dcmao
pSao -1 —==
KlLao dﬁ
In fig. 4. the curves g(V,,,) si hA(V,,,) have no

common point. It is the situation where the airship can
fly at any deflection angle and at any V| speed

without horizontal empennage control cancelling.
From (19), the speed of the ascending gust is:

dczao ﬁ + Cao dcmao KZ
( ap L, dp
w
K dc dc
Bcaa Saoﬁ( 2 1) zaon mao cos
2 KL, da, ), dp

(e2))

For which, as shown before, there can be two, one or
none flight speed at which there is without horizontal
empennage control cancelling .

b)
dCZaO B+ Cao dcmao K2
> ap Ly dp
o dc.,, ) dC -0
Bcaosaoﬁ( K2 _1) o e cos ¥
2 K\L,, da, ), dp
(22)
The equation (22) allows for the immediate
determination of gust speed
dCZ(lD ﬁ_,’_ cuo de(lO K2
ap Ly, dp
w=
K dc dc
L San B 4{ mq 0 cos
2 KL, da, ), dp
(23)

For which this situation is possible.
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From (14) the critical cancelling speed for horizontal
empennage control is determined:

K
Voc = 2 w (24)
K dc
Bcaosao( : _1) e
2 KILao dﬁ

Thus, the airship may fly at any speed in an
atmosphere with gusts of the intensity (23) if it meets
the building conditions in (14), case 2.

©)
(dcm,ﬁ+c@,dcmijz
_W2 + dﬂ Lan dﬁ <0
BcaoSaaﬁ( KZ _1) dczaon dcmaa cos y
2 KL, da, ), dp
(25)

The first term from the right side of (14) is also
negative. This situation is thus physically
unacceptable. Thus, the airship may fly at any speed
in an atmosphere with gusts of the intensity (25) if it
meets the building conditions in (14), case 2.

Case 3.

This case too will be studied according to ascending
gust speed. There are two possible subcases:

)
dCZuO cao dC}'ﬂaO
S gy Lo Comn g
B~ L, dp

K dc dc
Dy Sap B2 =) 2 | oo o
2 KL, de, ), dp

-w? +
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(26)
SO

dCzao ﬁ_,’_ cuo dellO KZ
dap Loy dp

K dC dC
N e R
2 KL, de, ), dp

w(

27)
We note by m left member of (26).

The functions g(V,,,) and A(V,

represented as in fig. 5:
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In fig. 5 there are three distinct points.

-Point 1, corresponding to the situation where the
airship flies in a quiet atmosphere, with no gusts. By
introducing in (13) w=0 the critical cancelling
speed for horizontal empennage control is determined:

dCZaO ﬁ + Cao dcman K2
, dp " L., dp
Ocrtl =
Bcansanﬁ( KZ _ 1)[ dCzaon j dcmao cos y
2 KL, da, ), dp

(28)
-Point 2, where the airship is in a real atmosphere,
with vertical gusts. For

gW..) = h(VOM) the critical cancelling speed for

horizontal empennage control V|, is obtained.

-Point 3 represents the hypothetical situation where
the airship flies with infinite speed in the presence of
ascending gusts. The critical cancelling speed for
horizontal empennage control comes from (13):

B+

dCZﬂU c(l{) dCIﬂ(l{)
P za0 a0 T Zmao |
dp L, dp

ao 2

Vaurs = K dc.,, ) dc o
Bcaosauﬂ( 2 1)( zaon J mao_ g 7
2 KL, de, ), dp
(29)
b)
[dczao B + Cﬂ dcmao sz
> ap Ly, dp B
v dc.,,, | dC =0
Bcaosaoﬁ( K2 - 1) =on 792 cos X
2 KL, de, ), dp
(30)
The gust’s speed comes from (30):
dCZuD ﬁ + cuo dcmao K2
dap Ly dp
w=
K dcC dcC
2 pSao B2~ 1)[ ] 0 cos
2 KL, da, ), dp
(3D
And from (13) we obtain:
Y

(dczao ﬂ + Cl dcmao jK23
dap Lo dp

Ocrt = 3 3
LC3 SS ﬁZ( K2 _1)3 dczaon dcmao cos ¥
8 T KL, da, )\ d

(32)

229

Case 4.
The functions g(V,,,,) si A(V,
like in fig. 6.

) are represented

A
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0 " Vo
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Fig.6

From the graphical representation we obtain that there
is only one critical cancelling speed for horizontal

empennage control -V .

Case 5.
This is the limit case for a compact structure
(7) becomes:

oy Ponae gy @ g oo ) g (33)
dp dp do V.

Equation (33) allows the determining of the critical
cancelling speed for horizontal empennage control:

dCZLl()n cos
da, ), %

‘== 34
VOClt Cﬂ dcmao ( )
Ly, dp
dcmao :
Because ——= (0, (34) can be written as:
ap
[dczaon j
T CoS y I
a, wW.
Voo = 0 a0 35
Ocrt dcmao Co ( )
dap
4. CONCLUSIONS

1. The canard airship must be designed according to
the conditions in case 1, by respecting (16). In this
situation the airship will have a compact structure,
resitant to the cumulative action of fuselage elasticity
and ascending vertical gusts, no matter their W speed;
2. Increasing the arrow angle ) leads to an increase

of the cancelling speed for horizontal empennage
control;
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3. Increasing the deflection angle f leads to a

decrease of the cancelling speed for horizontal
empennage control;

4. Increasing S, and c,, leads to small critical

cancelling speeds for horizontal empennage control;
5. Because at greater heights air density p is smaller,

flying at higher altitudes is recommended,

6. According to the canard airship’s purpose (fighting
or transportation) the building variant can be chosen
from the design stage, according to the 5 cases that
were previously studied.
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